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ANNOTATION

[Text] The work is devoted to the problem of calculating seepage forces,
which play a substantial role in designating the steepness of the slopes of
earthen hydraulic engineering structures.

The work covers efficient methods of calculating the seepage forces when
various methods are used to estimate the stability of the earthen slopes.
The work also notes the shortcomings of certain procedures, often described
in the literature, for calculating seepage forces.

Examples are given at the conclusion of the work of calculating the stability
of earthen slopes subjected to the action of seepage forces.
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FOREWOIRD

In planning earthen hydraulic engineering structures, attention must be given
to solving the problem of the mechanical effect of the seepage flow on the
shell of the soil. This action gives rise to seepage and weighting forces
exerted by the seepage flow on the shell of the soil. These forces are mass
(volumetric) forces, and it is sometimes very difficult to calculate them.
At the same time, these forces, as we know, may cause piping and silting,
local seepage heaving, and a general sliding of the earthen masses of soil
forming, for example, the embankment of the earthen slope. It should be
emphasized that it is now inadmissible to plan earthen hydraulic engineering
structures without taking into consideration the seepage forces, the presence
of which often causes the structure to be considerably more expensive.

In the literature the problem of seepage forces has been discussed by many
authors, and a number of various methods have been suggested to calculate
their forces. Among the known methods are those which are acceptable from
the practical standpoint and those which at present should be regarded as
insufficiently perfected, sometimes even incorrect, yielding erroneous results.

This "Manual" is devoted solely to the problem of calculating the seepage
forces when estimating the overall stability of earthen slopes (problems of
piping, silting and local seepage heaving are not covered below). In order
to facilitate the work of designers and engineers, this "Manual" describes
the appropriate, most efficient methods of calculating the seepage forces,
in a form convenient for the practical use of these methods.

In conclusion let us note that among the works of the authors who have been
concerned with the problem of calculating seepage forces, the fullest studies
are those of R.R. Chugayev, who was the first to suggest calculating seepage
forces when estimating the earthen slopes and who forvwlated the firtt theo-
retical method of this type [1, 2, 7, 9]. It should be noted that the
"Manual," compiled in the Laboratory of Earthen Hydraulic Engineering Struc-
tures by G.A. Chugayeva, junior scientific associate, mainly summarizes the
work of this author [2, 91.
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USSR Ministry of Manual for Calculating P 34-75
Power and Seepage Forces

Electrification When Estimating the Stability
of the Slopes of Earthen

Structures

1. GENERAL CONDITIONS

1.1. Range of Application

This "Manual" applies to earthen structures of all classes of durability
subject to the action of seepage flow.

This work does not discuss problems of seepage strength (normal and random)
disturbed because of piping and silting of the soil, nor does it discuss
problems of seepage heaving.

Discussed below are only the estimates of the so-called "general sliding" of
earthen slopes, when the possibility of the earthen mass of the soil sliding
is brought about mainly by the action of the soil's own weight (and of the
external surface loads applied to it); the seepage forces in this case play
only a supplementary role (as opposed to seepage heaving).

1.2. Customary Designations for Basic Values

e--angle of incline of the slope to the horizon;
m--slope coefficient;
Z--height of the slope;

m.Z--horizontal equivalent of the slope;
I--piezometric gradient of the seepage flow at the point discussed;

n--porosity of the soil;
YB-specific gravity of the water;

Introduced by the All-Union Approved by VNIIG imeni Introduction
Order of the Red Banner of I.Ye. Vedeneyev deadline
Labor Scientific Research Resolution No 32 4th Quarter of
Institute of Hydraulic 5 May 1975 and coordinated 1975
Engineering imeni With Glavniiproyekt of the.
B.Ye. Vedeneyev USSR Ministry of Power and

Electrification
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yep --volume weight of absolutely dry soil;
y,3x --volume weight of practically dry soil (with natural moisture content);
y 4l6 --volume weight of soil suspended in water;
y4 ,,--volume weight of soil saturated with water (Y. -ycqx+ n.ya);
4' --actual angle of internal friction of the soil (value f, corresponding

to the given soil, found experimentally);
fi -value off, at which the area of soil under discussion should be found

in a state of maximum equilibrium (critical angle of internal friction);
c4--actual specific cohesion of the soil (value c, corresponding to the

given soil);
cr--value c, at which the area of soil in question should be found in a

state of maximum equilibrium (critical specific cohesion);
k3--safety factor of the stability of the section of soil in question.

1.3. Terminology

Porous embankment (soil, concrete)--an embankment consisting of a frame
(solid phase) and pores, which may be filled with water and air or partly
with water and partly with air. Two types of porous embankment should be
distinguished: point-contact porous embankment and continuous-porous embank-
ment.

Point-contact porous embankment--an embankment formed by solid particles, in
contact with each other at mathematical points. In this case each particle
of the frame is washed with liquid from all sides.

Continuous-porous embankment--an embankment obtained when solid particles are
joined to each other by means of impervious contacts , with a certain area.
In this case only part of the surface of the particles is exposed to the
liquid; the rest is protected from the action of the liquid by impervious
contacts.

Gradient of the slope-the slope tangent to the horizon, equal to 1 : m; the
"coefficient of the slope"--the value, inverse to the "gradient of the slope,"
equal to m : 1 (i.e., equal to the cotangent of the slope to the horizon).

General sliding of the earthen slope--the shifting of a large mass of soil,
forming a slope, chiefly due to the forces of the soil's own weight (seep-
age forces play a secondary role).

Local seepage hetving of the soil-a shift of a relatively small mass of soil

due chiefly to seepage forces.

2. GENERAL INFORMATION ON SEEPAGE FORCES

2.1. Types of Seepage Flows in the Embankment of Earthen Structures

Three basic types of seepage in the embankment of an earthen hydraulic engin-
eering structure should be distinguished:
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1) Steady seepage from the headwater to the tailwater (Fig. 1, a);

2) Unstable seepage arising with a change (in time) in the conditions at the
borders of the seepage area (with the volume of interstitial seepage unchanged
in time) [1], for example, that produced in the embankment of the slope after
a reduction in the water level in the water race (Fig. 1, b);

rHz

6)

Figure 1

* a-slope exposed to steady seepage; b--slope exposed to unstable
seepage resulting from a rapid reduction in the water level in
the water race; 1--depression curve; A--headwater level; B--tail-
water level

3) unstable seepage, caused by the consolidation of clayey water-saturated
soil (seepage caused by a change in time in the volume of interstitial seep-
age).

In addition, the following cases of seepage may also be distinguished:

a) Seepage produced during the erection of an earth dam (2] (with a build-up
on both sides; see Fig. 2,a);

b) Seepage in the embankment of the slope, produced with a rainfall, when
the surface of the menisci, established near the surface of the earth, "is
destroyed" by the rain waters; in this case seepage is formed in the slope
embankment analogous to that shown in Fig. 1, b. In Fig. 2, b, hKO desig-
nates the height of the capillary rise of the water; the curves AA'B'B and
BB"C--the curves of the capillary pressure occurring before the rainfall.

2.2. The concept of seepage forces

In the case of steady laminary seepage, when discussing one particle of soil,
washed by water, it may be pointed out that this particle is exposed to (with



respect to the seepage flow) the forces of pressure (normally directed toward
* 6its surface) and the forces of friction (directed tangentially to its surface).

I)I
A' D

Figure 2

a--seepage flow, formed during the buildup of the dam; b--slope
saturated with stationary ground water if there is a considerable
height of capillary rise; 1--reservoir; 2--line of atmospheric
pressure.

If designates the geometrical sum of all the forces of pressure and fric-
tion exerted on one soil particle, quite a large amount, V, of the soil,
consisting of a great number of particles, will be exposed (with respect to
the seepage flow) to the force:

O= 7, (1)

whereZfo is the geometric sum of the forces f, exerted on individual
particles of soil, constituting the amount of soil under discussion.

The specific force of the mechanical action of the seepage flow will be:

(2)

- For convenience in calculation, the specific force 0 is customarily broken
down (when discussing a planar problem) into two components. Several meth-

cds may be outlined for breaking down the forceO into its components [2]/
Figure 3 (for an example) gives four methods of breaking down the forceA,
where the following designations are adopted: m--the point of the seepage
area under discussion; /--the hydrodynamic pressure; H--the head (H-z +

+ _!, where z is the vertical coordinate of the point); N--the direction

perpendicular to the: lines p-const.; n'--the coordinate drawn along this

....................
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direction; I--te piezometric gradient at point m, being discussed; W ZNW,

W %,WN, ()NWx,4 ,W'z are the various components of the specific force,
The most convenient method, which we will use below, is the method shown in
Fig. 3,b. According to this method the force is broken down: into the
vertical component w and the component ko, directed along the line of flow.
With this breakdown of the force 0 it appears that its component W turns out
to be equal to Archimedes' force, i.e., the force of the weight of a solid
body, which occurs in a stationary liquid. We will call this component the
specific force of "hydrodynamic suspension."

The component fi of the mechanical action of the water on the frame of the
soil is customarily called the seepage force.

In the case of a point-contact porous body we have (see Fig. 3, c):

w -( - 0)y

a) /

',,".. 17

/~ ~ ~ ~ ~~- ." 1 _ ',..' ' ' '

,. F ig ur e

*: N

i ji

Figure 3

a-b--c-d--possible variants of the breakdown of the force into
components; A--line of flow

a) The vertical component of forcer is:

W 0I - R)1 (3)



b) The component of force#, directed along the line of flow is:*

4(4)fo . -o U -I . (4)

where I=--C//#S', and /lJis the pressure gradient with the stable movement.**

When there is a unified-porous embankment, we have (Fig. 3,c), according to
R.R. Chugayev:

a) Force ( ")

b) Force T.o. (40)

wheredt is the so-called coefficient of surface porosity of the soil.

In studying the problems of the stability and strength of earthen structures
we will discuss only the point-contact soils. In this case, when making
practical estimates, we will discuss the area of soil located below the curve
of depression as suspended (exposed to the vertical force of hydrodynamic
suspension, equal in value to Archimedes' force). In addition we will con-
sider that a force4 (see formula 4), directed along the line of flow, is
exerted on each unit of volume of the soil located in this area.

3. BASIC (INITIAL) METHODS OF CALCULATING SEEPAGE FORCES
WHEN ESTIMATING THE STABILITY OF EARTH MASSES

3.1. First Method--Calculating Seepage Forces By Means of the Potential
Function of "Resultant Forces"***

Acting on one unit of the volume of soil singled out within the limits of the
seepage flow are three forces with the potential:

a) The force of the "dry"soil's own weight;

b) The force of hydrodynamic suspension W, expressed by the relationship (3);

c) The seepage forceh , the magnitude of which is determined by the rela-
tionship (4). The force is the function of the coordinates

It should be noted that formula (4) was first published by K. Tertsagi.
He did not note, however, that the second component was taken by him as
vertical, because of which he permitted other authors (N.P. Puzyrevskiy
and others) to point out justifiably that formula(4) is false if we assume
a different direction of the second component. For details on this prob-
lem see (2].

S is the direction outlined along the line of flow toward diminishing
values of H.

Proposed by R.R. Chugayev in 1935.
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By geometrically combining these three forces which act on the unit of
volume of the soil, we obtain a single resultant force, ' , exerted on the
unit of soil under discussion. The resultant force y. , just as its compo-
nents, will have a potential which we will designate by 4 or Po (x, z).

N.N. Pavlovskiy [3], in discussing the pressure movement of the ground waters
under concrete dams, found an expression for the potential of the volumetric
resultant force re

0=z-H+ C. (5)

where H is thet pressure at a given point; z--the deepening of the given
point under the plane of reference; C--the constant of integration.

Therefore, having the lines of equal pressure (H-const) for the seepage area

under discussion, plotted, for example, by the EGDA [electrohydrodynamic
analogy] method, it is possible, using the relationship (5), to plot lines
of an equal value

0 = const. (6)

which give complete representation of the magnitude and direction of the
resultant forces r at any point of the seepage area.

al(1) rj (1

(2)

IA

_ A

Figure 4 Figure 5

Key:

3. Impervious foundation

Figure 4, a, shows the earth slope for which, in accordance with the EGDA
method, the lines H-const were plotted for the seepage flow occurring in the
slope with a rapid reduction in the water level in the water race from the
level (1)-(l) to (2)-(2).I.
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* Figure 4, b, in accordance with formula (5), plots the equipotentialo -

= const. These equipotentials are somewhat corrected, According to the
proposal of R.R. Chugayev, the system of the equipotential = const.
obtained may be replaced by a system of straight parallel lines drawn through
z.n equal distance from each other. By using this assumption, we obtain the
slope of the earthen dam (Fig. 5,a), exposed to only one system of forces
(Q)cp, inclined to the vertical at a certain angle (Q)cp. In this case,
to estimate the stability of the slope, one may use the: "iethod of the
slope turned at an angle of (d,,)cp," proposed by R.R. Chugayev, as shown in
Fig. 5,c). As can be seen, in this method the effect of the seepage forces
on the stability of the earth slope is calculated by the hypothetical value
of the curve of the slope at an angle of (Se )cp.

3.2. Second Methcd--Contour Method of Calculating Seepage Forces*

This method, suggested by A.I. Ivanov** [4], is based on replacing the
volume seepage forces acting on a certain soil mass, abcd (Fig. 6, a) with
a variety of surface forces of hydrodynamic pressure exerted on the contour
of the volume, abcd, of the soil under discussion.***

Figure 6, c, shows two curves:

a) The curve a'b'c'd', obtained as the variety of pressure curves (on the
contour) shown in Figure 6, a (see curves FV' and PV").

b) The curve aeb'cvd', obtained as the variety of pressure curves on the
contour, shown in Fig. 6, a (see curves Ph' and Ph")-

The area of the curve a'b'c'd' gives the value of the vertical component F.,
of the total seepage force exerted on the volume of soil abcd under discus-
sior; the area of the curve a'bocedorepresents the value of the horizontal
component Fh of the total seepage force acting on the volume of soil, abcd.

When calculating Fh and Fy, as indicated above, the soil within the area of
the seepage should be regarded as weighted.

It should be noted that the name of this method ("the contour method") and
the name of the "method of theoretical weights of the soil" were intro-
duced in the literature by R.R. Chugayev [1, 2].

This method is set forth in a somewhat different form than that given by
A.I. Ivanov (see [2]).

In Fig. e, R is the pressure force from the frame of the soil, on the
* water; Rh and R,--the horizontal and vertical projections of this force.



4. RECOMMENDED METHODS OF CALCULATING SEEPAGE FORCES
WHEN ESTIMATING THE STABILITY OF EARTHEN SLOPES

4.1. Method of Calculating Seepage Forces, Used When Estimating the Stability
of Earthen Slopes by the Method of Circular Cylindrical Displacement
Surfaces ("Method of Theoretical Weights of the Soil")

When calculating the stability of earthen slopes by the method of circular
cylindrical displacement surfaces, it is always efficient to use the so-called
"method of theoretical weights of the soil." This method, in various tech-
nical formulations, was suggested by a number of authors (Kadomskiy, Ye.D.,
Ode, I. [5], Morgunovyy, N.M. [6] and others). A strict substantiation of
this method was given on the basis of the works by R.R. Chugayev [2, 7].

According to the method of circular cylindrical surfaces of displacement,
the safety factor of an arbitrarily singled out slide segment is expressed
by the fornula [2]:

t (7)

which in most cases (as applied to Tertsagi's method of weight pressure) is

reduced to the form:

97 " "(8)

where Ma is the moment of active forces; Mp--the moment of reactive forces
(relative to the center of the displacement surface).

We will explain the efficient methods of determining Mp and Ma, included in
formula (8).

1. Method of determining Mo. In calculating the value of MP, we disregard
the seepage forces; we calculate only Archimedes' forces of weighting.
Because of this, when computing Mp, we consider the soil located above the
depression curve to have a volume weight equal to the volume weight of the
soil with natural moisture content; the soil below the depression curve we
regard as weighted. Special studies have shown that this assumption is

fully acceptable (it gives a negligible degree of error in the final results).
It must, however, be noted that [7] explains an additional method, making it
possible, if desired, to calculate only the vertical components of the seep-
age forces when calculating Mp (which makes the calculation somewhat more
precise).*

2. The method of determining Ma. The value of Ma, according to this method,
is determined without using any assumptions (i.e., is absolutely precise).

The following procedure is used to determine the value of Ma: a horizontal
line, W-W, is drawn at the water level in the water race (see Fig. 7). This

It can be shown that it is impossible to calculate the horizontal component
of the seepage forces with the ordinary formulation of the problem in this
case.

IC 7s,
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Figure 7

c) The soil between the depression curve and the horizontal W-W is regarded
as saturated (if the depression curve is above the horizontal W-W), with a
volume weight of Y%v , with Y# - r. < +'4( (Diagram 7, b, volume 3). When
the depression curve is below the horizon W-W (Diagram 7,c), it should be
considered that the space MEBM (volume 4) is between the horizontal W-W and
the depression curve, filled with hypothetical water, with the moment of this
volume of water relative to the center 0 being a negative value.

The value of tte safety factor is calculated by using the above values of
volume weight. This method of calculating the seepage forces is used mainlywhen planning earthen dams.

4.2. Method of Calculating Seepage Forces Used When Estimating the Stability
of Earth Slopes by the Method of Flat Displacement Surfaces

When determining the magnitude of the seepage forces acting on a slide segment,
bounded from below by flat displacement surfaces, the "contour method of cal-
culating seepage forces" is used (see section 3.2) [2].

Figure 8 shows several diagrams of slide segments exi|osed to seepage forces:

Diagram a-steady seepage directed toward the outside of the slope;

Diagram b--steady seepage directed within the slope;

Diagram c-irregular seepage with a sharp lowering in the water level in the
water race, from level (l)-(l) to level (2)-(2);

• t . . . . . .. . . .
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Diagram d--irregular seepage with a sharp lowering of the water level in
front of the facing, from level (l)-(1) to (2)-(2).

The part of the slide segment saturated with water is called the "seepage
0 section." The seepage section of the slide segment is bounded above by the

depression curve and the outer surface of the slope, and from below by the
displacement surface (for diagrams 8, a,b,c). For diagram 8, d, the seepage
section is bounded above by the broken line d-c-b-a-4, and from below by
d-2-3-4.

We will consider the pressure for the lower limit a-2-3-4 of the seepage
section of the slide segment, shown in Figure 8, a, b, c, to be distributed
according to a Linear principle. With the plane of reference 00, made at the
level of the water horizon in the water race, the pressure at the extreme
points a and 4 is respectively (for diagrams 8, a, b, c) Ha (or -Ha) and
H4=0; tI.e straight line a-4" will be the unknown piezometric line. The
pressure at points 2 and 3 of the displacement surface is determined by the
segments H2 and H3. For diagram 8, d, with the plane of reference 00 (at
the water level of the tailwater), at point 2 the pressure head is equal to
H2, and at point 3 the pressure head is equal to 0. The straight line 2-3"
is a piezometric line for section 2-3 of the shift surface. The sections of
the surface 1-2 and 3-4 are characterized by zero pressure heads.

Having established the pressure heads at all the points of the seepage con-
tour, one can determine the value of the vertical and horizontal component
of forcect of the total hydraulic action exerted on the entire slide segment.

/

The vertical component$ . When estimating the stability of a slide segment,
in order tc calculate tte vertical force ,5v (including the weighting and
seepage forces), the weight G of each fragment singled out must be calculated
on the basis of the fcllowing (sometimes conditional) volume weights of the
soil:

a) For the area of the soil wbich is not saturated with water, on the basis
of the value of the volume weight of the "dry" soil-- ;

b) For the area of soil below the piezometric line plotted for the displace-
ment surface (see piezometric lines a-4" in Fig. 8, a,b,c and 2-3 in Fig. 8,
d)* on the basis of the value of the volume weight of the weighted soily,,;

c) For the area of soil between the piezometric lines plotted for the upper
section and the lower sections of the contour of the seepage part of the slide
segment, on the basis of the value of the volume weight of the saturated soil
-- Y;*,. (when the first piezometric line mentioned lies above the second
piezometric line mentioned), and on the basis of the volume weighty =e
-Ysx-7, when the piezometric line corresponding to the lower section of
the contour is above the piezometric line corresponding to the upper section
cf the seepage contour.

When this line lies below the piezometric line corresponding to the upper
section of the contour.

i.



Also to be calculated is the water's own weight in the volume included be-
tween the water level and the piezometric line plotted for the plane of the
displacement (see Fig. 8, b, area b-4"-c-b), adding it to the weight of the
corresponding fragments. If the piezometric line corresponding to the sur-
face of the displacement lies above the water level in the water race, this
overweight by water acquires a negative value (see Fig. 8, a, area b-4"-c;
Fig. 8, c, area c-4"-d).

The vertical component of the seepage forces may be found by plotting the
curve of the counter pressure.

The horizontal component,0A. The horizontal component of the force of the
hydraulic action 04 should be considered equal to the horizontal component
of the total seepage force. The force of the hydrodynamic weighting of the

soil in the water is assumed to be vertical, and therefore it is not included
in the value of

1Ft,1 =ih i WrYB

where 0r is the area of the curve, each horizontal ordinate of which is the
difference in the heights of the pressure, measured at the two corresponding
points (see the corresponding curves in Fig. 8).

The corresponding points mean the points lying on the same horizontal, which
is a continuation of the horizontal ordinate of the curve under discussion,
and the points belonging respectively to the left and right part of the
contour of the seepage section of the slide segment.

The direction of the force FT, may vary; outside the slope and within it
(depending on the direction of the general course of the seepage flow).

5. CALCULATING THE SEEPAGE FORCES WHEN ESTIMATING THE STABILITY
OF EARTHEN HYDRAULIC ENGINEERING STRUCTURES

5.1. Calculating the Seepage Forces in the Clayey Core of Earth-Rockfill Dams

When discussing seepage through the clayey core of a dam, the following types
of seepage flow are distinguished:

1--Steady seepage flow with a rise in the water level of the headwater;

2--Irregular seepage flow occurring in the core as the result of its con-
solidation (when there is no water in the water race);

*r3--Irregular seepage flow occurring in the core when the processes of con-
solidation are not yet completed, and the water level in the headwater is
raised.

SI



Figure 9 shows the lines of equal pressure in the core (rectangular core)
for types 1 and 2 seepage flow.

p1 M2 l

Figure 9

a--lines of equal pressure in the core with steady seepage;
b-lines of equal pressure in the core with irregular seepage
(in the process of consolidation in the core); 1--lines of
equal pressure

For the third case of seepage, depending on the rate of consolidation and
the system fcr filling the reservoir, different patterns of seepage pressures
may be obtained in the core. Figure 10 shows the diagrams of possible lines
of equal pressure, pertaining to the different points in time after the
reservoir is filled.

Figure 10, a, pertains to the point at which the hydrodynamic pressure caused
by the consolidation is great (as compared with the pressure caused by the
headwater). Diagram 10, b, corresponds to the case when the pressure of con-
solidation is low (as compared with the pressure of the headwater). Diagram
10, c, shows the precise (general) case, in between the two.

Bearing this in mind, of the possible patterns of seepage explained above,
to estimate the stability, one should select those which will give the
greatest possible pressure within the core.

The seepage forces arising in the process of the seepage must be taken into
consideration when estimating the stability of the downstream shell of the
dam.

The stability of the downstream shell of the dam may be calculated by the
method of circular cylindrical surfaces of displacement or by the method of
flat surfaces of displacement 19].

We will explain the characteristics of calculating by the method of flat
surfaces of shift;

We will discuss two planes of displacement:



SI

Figure 10

a-b-c--possible diagrams of the line of equal pressure in the
core with irregular seepage (in the process of filling the
reservoir and consolidating the core); 1--lines of equal
pressure.

1) The displacement of the soil takes place along the broken line of the
surface AdB (Fig. 11). This case is characterized by the fact that the
section of the displacement surface Ad lies within the core;

2) The displacement of the soil and rock takes place along the surface of
displacement NaB, with the surface Na lying outside the core.

In analyzing the stability of the respective segments of the soil (Add'A and
e'dBd' in the first case, and Naa'N and a'aBd'a' in the second), we should:AV
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a) In the first case calculate the hydrodynamic pressure of the water in
the interstitial space which is in effect along the surface of displacement,
Ad;

ab) In the second case calculate the horizontal pressure of the water on the
core, expressed by a triangle of hydrostatic pressure plotted for the depth
of the water in the water race, and the vertical counter pressure exerted
along the base of the core, ad (determined in accordance with the existing
lines of equal pressure; here the weight of the volume, a'add"a' should be
calculated on the basis of the volume weight of the saturated soil).

Note. The displacement of the segment D'DBd'D', due to the active pressure
of the soil, E, falling within the boundary D'D, cannot be discussed in this
case (taking into account the pressure of the water in the pores). When con-
cerned with the stability of the segment D'DBd'D*, its displacement should be
discussed in conjunction with the segment D'DMAD' along the surface MDB,
bearing in mind the fact that the pressure of the water in the pores along
the line DD' will be an internal force, which must not be taken into con-
sideration in the calcualtions.

5.2. Calculating the Seepage Forces When Estimating Rock-Earthfill Dams
With a Facing.

When estimating the stability of the upper slope of dams with a facing, the
case of a rpaid drop in the water level in the water race should be checked.
To be checked here is the possibility of a displacement along two planes:

1--The displacement of the protective layer along the facing; 2--the dis-
placement of the facing along with the protective layer along the material
of the embankment of the dam.

The calculations are made in accordance with the method of flat surfaces of

displacement [9].

ra iqo(a

Cd

Figure 12

Key:
1. Facing 2. Surface of displacement

The theoretical diagram for the case of the facing sliding aloRg the material
of the dam embankment with a rapid reduction in the water level in the water



race is shown in Figure 8,d. See part 4, section 4.2 for the chE.racteristics
of plotting the curve of the vertical and horizontal components.

The following circumstance should also be taken into consideration in cal-
culations for dams with a facing.

We will assume that when the water level in the water race is at the (l)-(l)
level, the depression curve behind the facing takes the position (3)-(3)
(Fig. 12). When there is a rapid lowering of the water level in the water
race to the level (2)-(2), below the depression curve (3)-(3), along the:
line bc there will be a constant pressure, corresponding to the pressure at
point b; along the line cd the pressure drops according to a linear principle
(see the piezometric line c'd' in Fig. 12). Therefore, the pressure (counter
pressure) exerted on the facing is extressed by the curve b'b"d'c'. When
there are sufficiently great ordinates of the counter pressure curve obtained,
the facing surfaces, and there is no point in this case of verifying the
stability of the facing for a shift along the surface abcd.

5.3. Calculating the Seepage Forces When Estimating the Stability of a Slope
on the Crest of Which a Forebay is Located

The stability of a slope on the crest of which a forebay is located is deter-
mined according to the method of circular cylindrical slide surfaces [9], and
the safety factor is:*

_4 . Hm + rL~cp
Ma

where Mm is tte moment of the forces of friction (relative to the center 0
of the surface of shift); r is the radius of the surface of shift; Ls is the

length of the arc of shift.

The moment of the forces of friction is calculated from the formula:

Mm - r (Q + v + r,,, + W' )tgod

where Q is the sum of all the vertical forces acting on the forebay (the
structure's own weight, the counter pressure; for the diagram of Figure 13,b
the counterpressure is equal to zero); lcfyx is the weight of the dry soil
above the depression curve (for diagram 13, a, rcgy -0); /a-30 is the weight
of the suspended soil between the depression curve (if there is one) and the
slide curve; W' is the pressing force of the blanket through the difference
in the pressures of the water above and below.

The moment of shifting forces is equal to the sum of the moments.of the fol-
lowing forces (relative to the center 0 of the arc of shift):

Ma = MBB + MB + H1- +

* According to the method of weight pressure



where MB is the moment of the weight of the water of the headwater in the
B

volume bounded by the arc ab, which is the continuation of the arc of shift;
MB. is the moment of the weight of the concrete structure (not taking into

account the counter pressure); Mc is the moment of the weight of the dry

soil, above the depression curve (for diagram 13, b); M/- c is the moment of

the weight of the saturated soil below the curve of the depression.

Od) I

Forrem G.LcaeA 2-oeby 2-bakt3crv fdpeso

C

o. 0

Figure 13. Calculating the Stability of a Slope on the Crest of Which a
Forebay is Located

1 --forebay; 2--blanket;3-curve of depression
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VA

Pa6OTa nocasuteaa sonpocy yqeTa 41HbTpaUHOHHUX CMA, mr-

patotu~x cyWuecTseHHYIO pOJib npHu ha3Ha'len4 KpyTH3HbI OTKOCOB
3emAIHbix rHAPOTeXH~qeCKIIX coopyxfceHHf.

B pa6ore ocBetuaioTcn paUHoaabHbie np~embi yqe~a 4*HJb-

TpaWXHOHuHbX CHJI ipH iIcnojibSoBaHHtH pa~jlnq~euX cnOCo6on pacqe~a
YCT0AktHO0CTH aeKASRHMX OTKOCOB. Pa8Hbuu O6pa3OM a pa6oTe OT-
meqalOTCH HeA0CTaTKH IICKOTopbU, qacTo on~cmeaeumbx Ba miTepa-
Type npuemoB yqe~a *HabTpaLHoHHbIX CHA.

IB 3aijioqernie pa5oTm npiiso~flTcA npumepMt pac'eTa YCT0liz
'tHDOCTH 3emaUmbix OTKOCOD, noAsepmKeladX AeFICTDHIO *HJ~brpa-'
IIHOHHIAX CMA.
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IPEAICJIOBIIE

flpff fpoeKTHP0BaHHH 3emqxSHbVC rHApOTeX'HHqeCKHX COOPY)KeHHR
flpHXO~aHTCR o6patuamb BHHmaHHe Hia pemeHne Bonpoca o MexaHaqe-
CKOM Bo3ZAefCTBHH (PHJbTpaBUHOHHoro IIOTOKa Ha CKefleT rpynTa. Ta-
Koe B032IeiCTBHe nopoix~aeT Bo3HHKHoaeHHe jfliAbTpatlHOHHbIX H
B3BeUHBaIOIXHX CHJI, r[PHJ1o)KeHHbIX CO CTOPOHbM cj)HJbTpaIIH0HHoro
IIOTaKa K C~~ rpyilTa. 3 TH CHAbl gBAJIHOTCq MaCCOBbIMH (o6Ibem-
libIMH) cHJaamm, flpHqem Yt1T HX HHoI'.L1 Bbi3bjBaeT 6oAbIUie TFPY2HO-
CTH. BmeCTe C TeM Tal{He cHilibi, KaK n3BeCTHO, moI'yT o6yC.7OBJJHBaTh
BOSHHKHGBemiie Cy(t4O03HH H KaAbmaTa)Ka, meCTHoI'o 4 HJbTpaUHOH-
HorO Bbiniopa, a 'raKwe o6tuero o6pyuweHHHl 3emIHbIX Macc I'pyHTa,
o6pa3yloLU.X, HaflpHmep, TeJIa 3emARHoI'o OTKoca. CitexyeT flo~1epK-
HyTh, ttTo B HacToHLuee BpemH HeIoIIyCTHMO IupoeKTHIYoaBM 3eman~-
HbMe rHP~XHq~ coopy~eHHR 6e3 y'ieTa (PHAbTpauHOHHx
CA, HaJIH'He KOTO~bIX 'jaCTO Bb'3blBaeT 3HaIIHTeJ~bHoe YltOpO)KaHHe
coopy)KeHHH.

B JIH~epa~ype BOTIPOC 0 (f)H~b-rpaUHIOHHbIX cHJiix paccma'pHBaJi-
C31 MHorHmH aBTopamH, IIpH'Cm 6bm iJfpe2IJo)KeH ueJabiA pgA pa3jIHq-
ilbIX CTIoco6oB yqe~a 3THX cmJ. Cpeiin H3BeCTHbIX CI1OC060B HMeIOT-
Csi cnoco6bi, npemJemI~e c npaXTHqeCKOiA TOMKH 3pejHR, H TaKme,
KOTOpbie B flacToR1Luee npemi ciieaiyeT C'IHTaTb HeZAOCTaToMHO caBep-
iIueHHblMH, HHorAa we~ HenpaBHJbHb[MH, 2TaIOWIHMH OI11H6o'(Hb(A pe-
3yJ~bTaT.

rlpeAjiaraemoe <PYKOBo!ACTBoA tiocBRigaeTcH TroJ~bKO BonIpocy
ytieTa 4)HJAbTpaIHOHHbIX CHA TIPH paCileTe o6tuieA YCTOIfI4HBOCTH
3emaRnbix OTKOCOB (BonpoCul CY4)cj)O3HH, KOJ~bmaTaNKa H MeCTHoI'o
(PHAbTpauHoHH0or Bbifl0pa IIH)Ke Hie OCBelJ.aOTCH). C ue.RbIO o6aer-
'IHTb pa6oTy HHNKeHepoB-InpoeKTHpOBLUHKOB, B AatmoIIIOMPYKOBOACT-
Be > OTIHCbIBSOTCT COOTBeTCTBVIOILIHe, HaH6oJ~ee paltuaoiaiue cria-
co6bI y'(eTa 4)HAbTpaUHDHHbIX CHA B 4)opme, y~o6HOAl flH flpaKTH'(e-

* CKOP4 HcTnOJb3oBaHHNi 3THX CIIOC0 6OB.
B 3aKqio'(eHHe OyTmeTHM, '(TO cpeitH Pa6OT aBTOpOB, 3aHHmaBUIHx-

CR DoTnpocom yqe~a 4)HqbTpalHOHHbX CHA, HaH6oJIee nOAwiie Hccjie-
JAoBaHH np~~t)a P. P. t4yraeBy, KOTOPbAI BflepBbie
o pelJO)KHA iy(HTb[BaTb qIHAbTp8UHfOHHbze Cium ITpH pac'(e-
T8X 3eMJJgflbIX OTKOCOB H pa3pa6oTaJI nepBbA pac(eTHbA cflOc06 Ta-
Koro poAa [1, 2, 7, 9]. CneAyeT OTMeTHmb, (TO KPYKOBOACrBO*, COCTaD-

aw~eBJI86opaTOpHH 3emaRmix rH~lpoCoopyxceHHfl MR. R. COTp.
r. A. 4lyraesofl, o6o6IuaeT, mJahm o6pa3om, pa6OTbI aaa~r
aB~opa [2, 91.

... . . . .



MRfffcrepCrmo PyKosoACTao no yqeTy
g~epreTnKH *IJbTPARiLOHMBX C"~ n!34-75
N 3JCK~p~IIa1~H..CCP " pac'iemx YCTOR~I6BocTK HH
m 9eK~tfix~ajKHCCP OTMOCOD 3eMAaNbaX coopyweNHA HC

1. OBUIVE flojiO)KEHHII

1.1. O6jiacib nPnueucnm.

H-aCTOawtee ICPyK0oBACTBO* OTHOCHTCSI K 3emajiInim coopy)iKeHH-
sIm Bcex 1(naccOB KaflHTaJlbffOCTH, no)1.Bep)KeHHb[X AeACTBHIO 4)Hab-
TpaiwHOHHOro floToKa.

B zAaHHOii pa6o'e He paccmaTpHaaoTCH Bonpocbi 4nIAbTpauXHoH-
HoR flpOqHOCTH (HopMa~qbliofk H Ka3yaJIbHofk), Hapyliuaemofi B CBR3H
C CY4403Hek H4 KOJ~bMa-raxom rpyHra, paBbi4m o6pa~o4 Ie pacemaT-

T PHaOTCR H BOIIPOCbI 4)HJIbTpatxwoHHoO Bbflopa.
Hmwe paccmaTp4Baao-vcq -TefbKo paciemw TaK HaabiBaemoro to6-

luero o6pyiuenHs) 3emARHb1MC OTKOCOB, xor~a B03MONCHOCTb o6pyuue-
HH4i aemnituux mace rpyirra 06ycAOBAusaeTcIR, B OCHOBHOM, iAeAC'r-
B15eM qD6CTBeHHoro Beca rpyHra (H !IpHjioN(HHMiX K Hemy BHeUIHHX
nOBePXHOCTHbIX Harpy30K); 4bH~bTpaILHOHH61e CHjibi B STOM cayqae
HrpaioT TOJIbKO AZonoJIHHTeJ~bHyIo POJ~b (B OTJIHt[He OT (4)HAbTpa1!H-
OHHoro Bb~flopa).

1.2. UIPHNUT&e o6MMMaqeNg. OCNOSHMX meJINH

0 - yrofi HaKJIoHa OTKoca K ropR3OHTY;
m - K034?4lHuHeHT OTKoca; m - ctg 0;
Z - BbCOra OTKoca;

M-Z - 3aAlOiKeH~e oTKoca;
1-nfbe3OmeTpHqeCKlA YKAioM 4nmjfbTpauniorioro noiroKa B pac-

CMarPHBaemofl Tomxe; I=-dHf/&;-
nl - TIOPHCTOCTb rpyaTa;

in - yebH%aec BObl;

Bxecern. Bcecowornmm YrnepeteHO BHtiroa
op~ema Tpyxoooro KpaC~oro mu. B. E. BeAetteena Cpox

3na xan ayqno. Peuleknem M 32 BseAns
HCCAeAO9arefibC ulINHCTHTToH OT 5 mn 1975 r. m cormacoma"o IV CTS

rHAPOTeXHUXH c raanHNnpoeicTOu 95r
sm. B. E. Bejemeema Mnnsnepro CCCP

9 P..



Vyx- 06bewmk Bec a6coJIIOTHO cyxoro rpyHTa;
-o6-bemamft Bec npaKTH~ecKH cyxoro rpyaia (ripi Haawqaa

eCTeCTBeHHoA DJja)KHocTH);
Yn-o6'beMHbIA Bec B3BeLileHHoro 8B oAe rpyliTa;

y.ac - o61%eMHiik Bec HachjlueliHoro Boowi~ rpywra (yeac ycyz+

TA- AefiCTBHTeJlbHhli yroji BHyTpeHHer0 Tpeaasi rpyH~a (3jiaqe-
HHe (p, COOTBe'rCTBYIOumee A8HHOMY rpyHTy, HafAAeHHoe gxcule-
pklMeHiTaJbHzAN IlyTeM);

W- aejaqiua lp, flpl KOTOPOA paccmaTpHsaemao o6nqacmb rpya-
b Ta AOJI]KHa HaxoAHThCsi B COCT0RHHH npe~e~aoro pasuoBe-

Call (KpHTa'aecialt yroji BHy~peHaerO TpeHHR);
C- AeIACTBHTejibHoe yAe~lbaoe citenaeaae rpyH~a (3aqeHae c,

to00T~CTBYoIUe AaHaomy rpyHTy);
i- BeJIH4NHB C,nfPH K0TOP0Il paCC~aTpHBaemdas o6.qaCmb rpyHra

AOJI)KHa HaxOAJHThCSI B COCT0SIHHH npe~eiibnoro paBHOBeCHSR
(KpHTaqecKoe YAejAbHoe citenjieH~e);

k3 -KO34j4HItHeHT 3anaca YCTOf~iqHBOCTH paccmaTpHaaemoro OT-
ceKa rpywra.

1.3. TepuoAorms

7o puc~oe TeA0 (rpyHT, 6eToH) - TeJao, COCToSlluee H13 ceea
(TmeP~AOf 4)a3bI) H flog, MoTOphie ?doryT 6IiTb 3aflOJHeHbi BOAOA H
803A~YXOM HAH qaCTH4HO BOAOHl, qaCT~qHo B03AYXOM. CJqeAyeT pas-
JiH'laTb Aae MOJ~eqH IIOPHCTOr0 Teiia: ToqeqHo-KOHTaKTHOe nopHCToe
TeJlO H CJIHTHO-IIOpHCToe TeJIO.

Toveimo-xcomTaKTmoe nopuc~oere.*o - Tejno, o0paaoaaoe TBep-
AblMH qaCTHttaMH, COnpHa~aaoLuwHMcR Apyr C A~yrom B UBTemaTH-
'leCKHX ToqKax. B 9TOM cjiyqae Ka)K~aR 'laCTHita cMjier omhiBaeT-
CH CO Bcex CTOPOH 2KH1LKOCTb)O.

CAUrfto-nopucToe TeAo -TeaO, nojny'laioiueeca npH COeuAHeHHH
TBePAb1X 'jaCTHrn Apyr C APyrom flPH flOMO1UU BAOitenpoHiiaiaembix
KcYHTaKTOB, Huelo~tHX oitpe~ejieHayio flioitaAb. B 9TOM caiyqae
TOJ~bKO 'lac'b noaepxaocmH 'iaCTi nOAuepraercs AetfciCTHO XCHAKO-
CTH; OCTgJlbHalI 4aCTb - 3aLWH~ueHa OT AeACTBHR XKHAKOCTH flOAOHe-
flpOHH[jaembmMH KOHTaKTaMH.

YICA00 oT~oca - TareHC yiia HaKfiOHa K FOPR3SOHTY, paSBlft
IM; (CKO344HumHT OTKoca8 - BeJ[H'HHa, o6paTmas 4YKAOHY OT-

Koca*, paRniam m: I (T. e. paBaa KOYTaHreHCY yrma HBICJONB K ro-
pH3ollTY).

06u4ee o6pywsemue 3eAAROeo OTKoca - cjAsr 6onbuiofi uaccu
rpyHra, o6pa3yio~uero OTKOC, flOA AekITDHem, rJIaBHbM o6paou, cani
Co6CTmeaaoro Beca rpyHra (4pnfnbrpauaarnnhie CHJIBI HrpalTo Bropo-
C ~ eneaaYIO pOJlh).

Mecnum4 4'uAbrpaquommrbtfi obiflop 8apH - CABal' CpaBHU~eb-
HO He6OJabUloA maccMi rpyHra noA flefCThifem, r'JI8Hbim o6paaom
4IHAJbT'RpawOHaaX CHL.

~ * 7. Mki



2. OIIAHE CBEAEHMSI 0 OIbTPAIAH0HHbIX CHJIAX

2.3. RHAWu $natapaumoubx fOTONO3 a 1e~e aeAfqgiMX Coopyxeti

CJel~yeT pa3sAHqam TPH OCHOB~bUX Bta 4rnqb'rpalfnu 8 re~ne 3emt-
J1IlHoro rHJAPOTexH1IqeCKOrO coopy)KeHlHis:

1) YCTaHOBHBI~aSC3R 4)3W~bTplUfl H3 Bepxftero dbe48 B HN2ICHHfA
(pHC. Ia);

2) HeYCTaH0BH13 LU a si C 9
0) S0s~pvss, B311HKalOUlasl

Qrafi - [PH H3meiielfH (BO BpehteHH)
- - ~YCJOSHIA Ha rpaHHUaX o6iAS-

- -. \ *~cT qn..ruipaUins (npH imH-
-- 1WHHOM Bo Bpemelns o61beMe

noponoro npocrpaHCBa) [1
HanpHmep, nojiyqatoLLaacs B

6) ~Teae OTKoca nocne CHH)lKeHHRs
(11 3 f r/fopH3oHTa Bo1bi B 6bee

-2 8 (piic. 1, 6);
2 ~3) HeYCTaHOBHB wi a sic As

" ~ - -- z--~- 4)5VbTpaitH, o6ycIoBJieviast

- - KOHCOIHatHeh rasHHHcroro

Pnc. ~ olwiacbumeHHoro rpyHra
a-oTrROnAmepKeHbluAekYNT3 toyT$HO3Bmpi~eacs (d~fIubTpatuisu, Bun3amumai [13-
4pIIAbTpUJEU. -OTkrOC, flOAaePIueHtiaA xe#CTO mMelfeimem BO BpemeHH o6%ema
UeyeTai0aomUee1e $IIxbrpauHHm B pe3Y~bTIA-e ld-
CTPoFG CawYeHiil rOPbaolua4 HOAM D 6..e4)t. - KPH- nopo~oro nIpocTpaHcTna).as AcnpeccHni. aoorOHHTe.RbHO MO)KHO

euxe pa3A[HqaTb case~yottme cjlyqaH 4M~bTpakHH:
a) (OHabTpatwso, nony'saiojUyloCSi B nepmoA BoaneAeiHa Ha'mwr-

HOR flIOTHHLI [2J (npH ZIByCTOpOHHeM HambiBe; CM. PHC. 2. a),
6) eoHAtb'paumo 8 Teane OT- -

xoca, nOaytiaIoulipocs npH Bw -T)l

na~einn AOXKAR, Kor~a i 15-
BePXHOCTb MeHHCKoB, YCTaHaB.
JIHBaIOII~aICS B6flH3H noBepx-
HOCTH 3emjiH, V3pyaeTCR* S.
AIO)K~e~blMH BoAaMH; flPH
9TOM 8 TeAe OTKoca o6paayeT- A' a
csi IlOTOX, anvaiorH'labff fpeA-
CTaBjieFIHOMY Ha psic. 1, 6. Hia

a-4enabypumomuA~ noTowc. o6/A3yX)3Af
80O HaMbIINRS nAOTHItM; -OTICOC, "a-J
CIA!Iernflft ROKONUIehE rpyITODON BOAOR
x enyqse 3IeaqH~e~bHOA MIMCOTM KonNJfip- -
noro I~imavifl; J-npyA; 2-awium aTmo-

voepimro AKBIaiIIIS.
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plic. 2,6 qepe3 h o603HaqeHa BbiCOTa KanlHJASApHoro nOAHSTH5E
BoAbu; gniopu AA B BB"C -antop[i KaUHJIAiRpHorO JAaBJaeHw,
HmeBLIHe meC'rO AO BbinaAeHHH AO)KAw.

2.2. IonSMe 0 *IJiblpalUOuHMX cNJlaX

B caiyqae YCTaHOBHBwefjCSI JaMHHapHOAi *pHJbTpa4HH, paceMaT-
pHBani OJIHY KqaCTH~xy FJpYHTa, ombiBaemyIo BoAofl, MO)KHO n1oKa3arb.
'iTO 3Ta tiaCTHla Io~Aepraecei AeHtCTBHIO (CO CTOPOHbl 4)HfPbTpaUH-
OHHOro noToKa) CHA JAaBJjeHrnl (HanpaBAeHHhlX HOPM8J~bHO tc ee no0-
BepxHOCTH) H CHA TpemiHs (HanpaBJaeHnbIX KaCaTeJ~bHO K ee iioBepx-
HOCTH).-

ECJIH tlepe3 1o0o6o3Ha'rnTb reomeTpH'IeCKYJO CYMMY Bcex CHJ AaB-
AieHHSI H TpeHHH, JnpHJlo)lceIHbIX K OAHOA qacTHILe rpYliTa, TO AOCTa-
roqHO 6ojibwoi 06bem V rpyiTa, COCTORIIIHf H3 MHoxlceCTBa qaCTHIX,
6yAeT IIoABepraTbCAl AeACTBHIO (CO CTOPOHb1 4)HnbTpautHOHHoro no-
roKa) CHJ~bI:

rAe mf' -reomerpHuqecKall eymma ~a fO, np~itoKeHrnwX K oTAejibbi M aCTM~aM
rpyflTa, COCTaBAISHoLUHM paccuaTpH~aedLiR oftem rpyH'ra.

YAeab~aa CHaa mexaHH'IeCKorO B03jAefkcTBHs 4)HJ~bTpa1HoHHoro
IlOTOKa 65YAeT: 

(2)

AARi YiiO6CTna pac'ie~a Y~eClbHYIO CHay q5 ripHHS1To paaijaramb
(fipH paCCMoTpeHHH n1AOCKOR 3araqlH) Ha ABe cocraBnAIoiuxe. MoNc-
HO HHMeTHTb HeCKOJ~bKO cfloco6oB pa3JIoNCeHH.R'CHJIUl 45 Ha ee co-
CraBIHOUtHe [2]. Ha pHC. 3 (AAR ipliMepa) npeAcraalewo Remipe
cnoco6a pa3JI0eHHSI CHAN bI4, rAe iipHHHTii cjilonue o6o3Haqe-
HHH; m - paccmaTpHBaemag TO'IKa O6JaCTH (PHnbTpalHH; p - H

alPOAHHaMHqleCxoe AaBJ~eHHe; H- Hanop (H=z+ -L, r~e Z -Bep-

THKaJI6Haff KOOPAHHaTa TO'iKH); N-apaojnetHe, HOpm8abmoe K
JIHHHHM p=coflst; l'--KOOPAHHaTa, HaMelmemasI BJAOJb 9TorO Ha-
npaBJeHH.9; 1-nfbe3omeTf H'leCKHII YKAOH B paccmaTpHaaeMOl TORL-
Ke m; WN, W.', W, W , (403N, W, 1 , W - pa3AHli~bie COCrasjiro-.

* uHe YAeJ~hHOA CHJ~bI 4. Haiifoiee Y2AO6HbIM cflOCO6OM, KOTO~bIM Mbf
HHmfKe H 6yltem nOJlb3OBaThCR, IIBJISWICRi cnoco6, noKaaaHHfiA Ha
pitC. 3,6. CormaCHO 9TOMY cnoco6y CHJIB 4 pacKJaaAbiBaeTCO: Ha Bep-
THKaJIIYyIO COCraaBnIRotmy]o W H COCraBalRnouylo fo, H8InpaBMIHHY!O
BAOJlb JIHHHH TOKa. HpH TaKom pa3fio1KeHHH cHJab 4I oKa3biaeTC,-

* 'To ee COCTaBJlslioiuaR w nojiy'iaeTCH PaBHOA apXHmeAOBofi CHae,
T. e. cHJae B3BeUWHBaHHR TmeP~oro Tefia, KOTO~aR HmeeT mecTO BCiy
'we nOKO.9lueicn CR)H2KOCTH. 3Ty COCTBDJIROUjYJO taaojaem yAejlbHtOf
CHAOR crHApOAHHaMHqeCKorO B3BewHBaHHR.

COCTUBAnRnOuzyl 0 ~mexHHqeCKoI'O BO3AeRkCTBHR BOl wa* CxefieT
rpyifra npHHRn'o Ha3blSTb (PHJIbTpaUIIOHHOR CHJIOA.

;4.j



B cayqae Totielmo-KowraKioro nopHcroro TCJia Hueem (cu.
PHiC. 3,6):

a) BepTHKa.JibHa~i COCTaBasnoiuaR CHJ1a4 paSHa:
(I -n 7,;(3)

LI)~ 8)1

5) z " 1/A U

S gT4, /9g

paB I-

-- a- -onO2IeM aHISh pa3.MeHHMa M~na YCOTaILHle A

1CjxeAyer oTmeTH~m, WiO 4)OPMyJIY (4) Bnepahle ouy~a~nxossa K. Tepuark.
QAiHaKO OH Hie OmeT~it, iTo aropaR COCT&ARMrall IIPHRHHmaCR KM BePTHK8Jtb-
NORk, B CB13H C '1CM Oil 9038011JI APYFIIM aTopam (H. n1. Ilyshpe~cKomy H AP.) o6o-
CHolaHHO noKaaaTb, 'iTO 4opmyjia (4) RiUJIRTcR leae.PHOR, WCIN mm nplixemM HOe
manpameH~e BTopoA COCT&AiouaeA. floApo6Ho no STOmy noIIpocy cm. [21.

2 S - HIaBjleH He, .Hame'lernoe BAO~th AHIII ToKa B CrOpOay yMe~bt~awIMHX-
ca sHaieHA



flpili HaJIUHH CJItIH3TIIIOpHCTOrO Te.aia 14Me~M (piic. 3, 6), cormiac-
HO P. 'p. qyraeBy:

a) CH.Tia

6) cnija

tie Q - Ta' PHa3blBaeMNIUA hO44niH 1fo~epXHOCTHofi flOpHCTOCTII flpyflTa.

3aHH~Mastcb BOInpOCaMH YCTOIIHHoCTH H I1pOqHOCTH 3eMABRHb1X CO-
opy)Kend, 6yaem paccMaTP4BaTb TOJbKO TOtie4IHO-KOHTa-KrTHbie rpyH-
TbI. B 9TO.M cay~iae LIPH BblnOIHeiiHH ripaKTHqeCKHX paceTOB O6S-
.iacb I-pyHTa, pacnojio>KeHHyio HHnKe KPHBOiA atenpecCHH, 6yie~m pac-
cmaTpHBaTb KaK B3BeweHHY1O (noi~ep)eHnyio aLeAcTBHIO BepTHKamlb-
HOR CHANb rH2IPO2UJHamH'1ecKoro B3BewJ4BaiH, Ho BenIrIHe paBnoro
apxHme~xoBof cu~e). ATrolHHTeJlbHO Oyaem CqflraTb, 4TO K Ka)K210n
e~xHlH~ie o6'bema r'pyHTa, paco.io>KeHHoro B yKa3alHHOI oOJIacTH,
iipwiow~eia CHiia fq, (cm. qj3opmyJy 4), tiaripaBanetmas B.aOilb JIHHBH
TOKa.

3. OCIIOBHbIE (HCXO1AHbIE) CrIOCOfibI V4ETA
4DHJ~bTPAIJHOHHbIX CHA I fPH PAC'IETAX YCTOR'IHBOCTH

3EMJIRHbIX MACC

3. 1. rlepmwAi cnocoG - yuieT *HJIbTpaitmoIInx cHJI npit nomoum
norCHEAmajib~oA 4YHCMEH cpe3yJabTHpy~ouwfx ciiA*

H-a oaiiy eaflhiiuy

oftema rpyHTa, BbJJae- a

jieHIIY1O B npeiaejiax
(PrHJIbTpaUHOHHoro no- r2) i (2)2
TOKa, .ieicmyiot rpm
cI4Jbi, Hmeio1LHe no- 8

TeHL[HaAT:
a) cima co6cTaeii--------------------

Horo Beca g~cvxoro>>
rpyHra; I

6)cwra rH)apoJIH-
lia M~qecxoro B3BeUIU-
BaHIIR Zel erbrpa)ae--
marl 3aBHCHMOCTb1O -

(3);k
B) 41If.1bTpaUHOH-

nan c~aa ill, BeamHii-

rfemuoweii P. P. 4yraeomm B 1935 r.

A Y,



Ha KOTOPORI oupe~eixeTCH 3aBHCHM0CTbIO (4). CHJia fb HBAIeTCl
@)yHKiAeft KOOpatHHaT

ho (X, z).

CKaAbi~Basi reome-rp~qeCKH iT TPH CHANb, aLeACTBYIOU1He Ha e2IH-
HHLIY ofbema rpyHra, nojiytiaem OAJHY pe3yJIbTHPYIOUYIO CHAY Vo,
lpHJ1oweHHIK K pacaP~eo eAJHHHtte rpyllTa. Pe3ylbTHpyIO-

umaH cwria Vo, TaK )Ke KaK Hi ee COCTan~anoiHe, 6,v~eT HmeTb flOTeli-
tuaai, KOT0pb1Ht o6O3HaqHm qeipe3 'P HIH 00(X, Z).

a) H. H. flaBJIOBCKHR~ [3], pac-
(1 ,r8 (7) - c CcmaTPHBaAI H~flOpHoe JIBHKeHHe

-~~ -YHTOBbIX B02a iioa 6eToHImbIM1
N JOTHnaMH, HaweJI ipa)Keine

(2) - 8 2.T R nOTeHLIHajia o6,beMHOR pe-

BodomenpoInuaenoe ocnosamue =zH-C ()
rjie H -HanOp B IaHHOff TO4Kxe; z-

cp 3arjiyOjieHlile aLaHHOR T04KII flOj flO-
- CKOCTbIO CpaBIueHH$I; C - iiOCrOrnIiam1

8 IIHrerpHlP0aaHHMi.
TaKHM o6pa3oM, Hme5I JIHHHH

(To~cp paBHoro nanopa (H==const) a.nig
paccmaTpHBaemok o6 aa CT H
c4)HJIbTpa1LHH, I1OCTpoeHHbie, Ha-

A inpilmep, no meTOJIY arJIA, mo)K-
HO, flOJlb3yglCb 3aBHCHMOCTbIo
(5), I1OCTpOHTh JIHHHH paB~oro

3IIaqeHHfl
PHc. 5.0 = const, (6)

KOTOpbie JAaI0T noJIHoe ri1pACTaBAieHHe 0 BeJIHqHHe H HaflpaBj1eHHH
pe3y?bTHpyioIIuefi CHANb Vo B Jino6of TOqKe o6jxaCTH )H~lbpaU14H.

Ha pnc. 4, a I1peACTaBjieH 3emji5IHOiA OTKOC, 2LJIH KOTOpoI'o no me-
TO21Y E~raA flOCTpoeHbI JIHHHH Hf=const hAaH 4)HJIbTpaWIHOH-Horo no.
TOKa, Bo3HHxKIOIIerO B OTKoce npH 6bICTPOM CHH)KeHHH ropH3OHTa
BOhlI B 6be4e OT YPOBHW (l)- (1) 10O YPOBHH (2) -(2).

H-a pHr.. 4,6 B COOTBeTCTBHH C4()OPMyJIO? (5) TIoCTpoeHbl 3KBHrIo-
Teh4!vajiH Oo=const. 9TH 3XBHHOTeHUHBaJH HBJIHIOTCH HeCKOJbKO SIC-
npa~eHHbMH. CorjmaCHO npesJo)iKeHHIO P. P. '-iyraeaa, noJIY14eHHYIO)
CHCreMy 3KBHnoTeHUHajiefi Oo=cotist rnpeCTaBAtReTCR 1 B3MO)KCIbIM
3ameHHTb CHCTemoA flpsivIx flapanJIlbHbiX JIHHHA, npoae~etsnmiX
qepe3 paB~oe paCCTO~RHse jipyr OT Apyra. Mcflojb3yH Taxoe zAony-
IueHHe, noniyqaem OTKOC 3eMJIRlHof nII.OTHHbl (pnc. 5, a), no!aep)KeH-
HbIA AeACTBHIO rOJabKO OAHOft CHCTembi CHJI (Vo) c,, HaKAIOHHOII K Bep-
THKaJIH flO) HeKOTOpbMM yFtom (0o)ep. B TaKOM cjiyqae AARI5 pacqe~a
yCTOfA4HDOCTH OTKOCa mo)KeT 6bum HCIIO~b3OBaH npeAjio)KeHS~bif

P.P. 4qyraessim cnoco6 iOBOP0Ta OTxoca Ha yroAi (0o),p*, KBJC no-
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xa3alio Ha puc. 5,. KaK 811AHO, B 31UM Ciw0C06e BJ~illIHke ~'I btPa-
LikHoHHbix Cmji Ha YCTOkH4iBOCTb 3e~msuIHOrO OrKoca y14HThlBaeTCI fly-

iTem Boofipa)aemorol yBejil4HeH KpyTH3Hbl OTK0ca Ha yroJ1 (00)cp.

3.2. BTOpOft CHOCo6 - KoIITYpHbIA cnocolS y~e~a
4IHJlbTpaaAHHIhX CHA'

3TOT Cn0CO6, npeA.JiwKenuik A. W4. Hi~aHOBbI M 2 [4j, ocnoBaI a
3aeue o61,eMHbIX q)HJ1bTpai10HHbX cH.I, 2LeRcTByIOI1IXH Ha HeKO-
TOPYJO maccy rpyHra abcd (pHc. 6, a) pa3H0CTbI0 II0BePXHOCTHbIX CHJI
rH~pOjUiHaMH'leCKoro AaBjjeHH51, nipHjio)KeHl~bIX K K0HTYPY paccmaT-
pHaae~moro o61~ema abcd rpyHTa. 1.

Ha plic. 6,6 iipeIcTaBjieHbi aBe 3flIopbI

a) gruopa a'b'c'd', no.lymatalCH KaK pa3H0CTb gnio1p aaBJaeHH5I
(Ha KOHTyp), InoKa3aHHbX ma piic. 6,a (CM. sniOPU~ P,' H P,");

6) iopa a~b~cl~dO, no.ThyaiouaslC5 iKaK pa3HocTb qsmop .aaBAeHHH5
Ha KOUTYP, n10Ka3a!imiNx Ha pHc. 6, a (CM. 31110j~bi Ph' It h"

HFioiUaub mfiopbi a'b'c'd' aaeT 21Hameie~e BepTHKajibHOA COCraa3-
mu.eih F, CY.MMapHOiA q3HJ1bTp3I10HHOfR cmaJbi, AeriCTnyiou~teA Ha

paccmaTpHBaembjf1 067bem rpylia abcd; naomaab 9n1OpW a~b~c~d'
npeACTaBJ1ReT BeJ1ttHiiy ropH30HTajibI1of COCTBJI51otueg Fh CyMMaP-
11011 ()HJ~bTpaUHOHHOi CHANI~, jieACTsyzouteft Ha o6-bem rpyura abcd.I

flpH paCileTax Fh Hi Fv, KaK yKa3aHO BbIme, rpyHT B npk;Aejiax

o6,a8CTH 4)JJbTpaLkHH caealyeT C41ITaTb Bl3BweH Hbim.

4. PEKOMEHZAYEMbIE cflocosbi Y4ETA OHJ~bTPALtHOHHbIX CHJI
flPH PACqETAX YCTORqHBOCTH 3EMJI5IHbIX OTKOCOR

4.1. Cnoco6 Yta 4)H'lbTPaitNOHnIuX CnRi, MCnJilb3yembifi Npm pacqe~e

YCTOAi4H.0CTM4 3emlAllblx OTICOCOB, NO MCTOAY KpyrIaHJIAMHAPHqeCKHX
nomepXHOCTeli cAimra (.CCOCOG 4NKTNHHIX mecoo rpyHTa*)

[[pH pactiere VCTOr4LIBOCTH 3e~mJ11lmx OTKOCOB 110 MeT~ay Kpyr-
J10LJAHjiHH1piieCK1Ix 11BepXHOCTeA c21.Bra Bceraa paU.HoMHaH C-
flOJlb3OBaTb TaK iia3b[BacmbiH <(CflOCO6 4)HKTIHHbIX BecoII rpyHra>>.
3rOT cnoco6 B TOM HJIH 2IpyroM TCMHtiCKOM o~0mpmaeHHil flpek.Ta-
rajicfl pHiIom aBTOPOB (KaIomCKHM E. A.l, Oiie H. [5], MopryHo-
BU~M H. MA 16] 1, :tp.). CTporoe ooCHoBaiIme MTr() enoco6a npHse-
ACIIO Ha ocHo~aHMI pa60T P. P. Llyraena 12, 71,

IHaao 3ameTIITb. 'ira HaHMeHonale ,xaiiHoro cnioco6a (CxoIITypHuAk cno1-
co602, a TaKxce HaHmeHOaHHC 4tenoco6a *I[IKTHHHUX Becon rpyHTa~o, (iblJlO nneACIIO
R3 .hITepaTypy P. P. Llyraenm [1, 2!.

2 ;LLaHHbdA CIIOCO() lf3JaraCTCR a tieCxO.1bKO HHOA cj2OpMe, '1CM To 6mno CAejIa-
110 A. H'. 1HaHolmIM (cm. [21).

3 a ptic. .3 R -CHJI9 aaAIU CO CTOPOIlbI c~e.'ieTa rpyllTa Ila Roay; Rh It
R.- rOpH3oHTa~lbliafl tj BC)T1IKaJbHIsi flpoemu Hill am CHAIL.

17'
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CorNlaCHO MeTOAY Kpyraioam.n~vupmm'ec1~mx no~epxHOC~eki o~py-
weHlI5I xo34OjlutieHT 3aaCa 11POf3BOJ1bHO Bbi2aeeHHoro OTceKa o6-
pyuie~IIH Bbpwa f 4opmyaoft [2]:

k3 t~ -- 19A L (7)

KoTOPa$I B 60.lbW;IHCTBe cnyqaeB (npHiMeHHTe.IlbHo K MeToiy Tepiua-
rm, Beco~oro aBJieHH51) npHHOj.HTCR K HY

kt3 - -,(8)
M.I:rje M. - %OMeklT aXTHHHbvX Clio; l,M - momeHIT J~aKTIIBI~bIX C1I. (OHOCHTC.lbiO

IUewrpa IIOBePXIIOCTII CiABI]a).
flosicim paUIIoHa.Flb- 0) A

twel cnoco6bi ouipel~e.eHrnI
mp Ma, BXOAI$1WHX B 4)0p-

myjly (8).
1. Cnoco6 onpeeueHUR c

Mp. flpui no~cqeTe Bemriqw
11 u M p npetie6peraem )
4)HJnbTpaUHOHiIIbIMH CHJna-
MH; )-qHTbIBaeM TO.IbK0 ap-
XHMeAOBbI CHANb M3eLii- w *.. _ W P
Bauini. B CBR1 C 9THM, BbI-
tHICAISISI Mp CqIITaem, '4T0
rpyHr, pacnimo~)entbirI BbI- 8)
we KPHBOA~ JtenpeccllH, lime- W A
eT o6%emibii Bec, paibiAI W- _ r
o6'beMIIoMN I Becy rp 'IIfa _______________

fljIf eCreCTBeHHo(4 ata)- C
11OCT11; r'VHT, pacnoio)KeH-
IbaA Htt)Ke KPl1BOAi aenpec-
Clii, c'4HTaeM Bl3aelwellblm. Ptic. 7.
CneulabbIN ticcJeloBa-
Immm"n 6jo HOKa3aiio, tITO TaKoe aorlymleHie flBosiTCli 1flOJIBe flPt-j
eMJaembtm (oiio AiaeT 11H'ITOM)KI Vi lorpCLIHOCTb B OKoH'iaTeJbiibX pe-
3yAbTaTax). Hallo, Bnpo'iem, o-TQTrb, wro B 171 ucBeiaeTCHi AOflO41-
IfITej~biwbh Ctioc06, 1HO300JrnOUtHR4, iip)t )KeJaaflHtI N'iCTb TOJIbKO
BepTlfKaJblibe cocTanamoutme 4lInbTpaWIIHiX Ci.' npti no~ic'ieTe
MI, ('iTo HeCKOJnbKO N TO4nieRT pac'ieT)

2. Cnoco6 otapedeAetiuR M,,. Berim'iIta Ma Co~Jlacli ABltBO-
.my cnoco6y onpeeoiseTcei 6e3 HcnwJIb3oBaHH51 KaKH.x-lIN60 aonymue-
IfIfA (T. e. coBepweHHO To'iHO).

Aa.si onpei~emmm Beulivnib M. nocT.Nnaeor cmne2ymWHm o6pa-
30M: Ha ypoB~e T'opH3OIITO 9owb B 6bei)e flpOBOIRT I'oPH3OI4T8JIbtIYIO

M .14iIO floKa3aTb. 9TO Y4CT ropH3oH~a.'lbtlOA COCTaBJIRtOtef $Hjlb1~paIHOH-
MIAX aima npui oi'ina noclammaaxe Bonpoca D AammOM C.'y'mae lieaoaMOuKCH.
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JMHHnO W-W (CM. pHtC. 7). ;4Ta .TiHims5 H KpHBaR Azenpeccim pacqjne-
HRIOT pacceaaTpliaaembiA oTceI( o6pyweHnR ABC WA Ha TpH 'IaCTH.
Onpeaieaml M., o6'ie.~Mabe Beca rpyH~a IN 9THX Tpex 'iaCreA llpH-
HHmaIOT pa3IHxHbUMH:

a) .nJIN qaCTH oTceKS, pacnOo)KoxeHHOAi Bbitue KPHBOA AenpecCHH,
rpyHT C'IHTaeTCH ecTeCTBeHHOA Bjia)4CHOCTH c o6,I*MHb[U Becom ycyx
(cm. oftem I Hia exemax 7, a, 6,e);

6) rpyHT, pacnoomeHnbIA uirKe a11iHH W-W, C'1HTaeTCR B3Be-
wIeHHbIM, c o6beMHblM BeCOM ^J3B n Bp-Yy1(IflmV
(C~m. o6-bem 11 Ha ceeax 7,6 Hi 6);

B) rpyHr, pacnojio)eHubliH Me*AY~ xpI4Boi 2LQpeCCHH HI IOpi3OH-
Taj~bO W-W, CtjHTaeTCRI HacueHrnibM (ecaii KpI4Ba$m Aenpecemni pac-

noJIo)KeHa BbIi roPH3OHTaJIH W-W) C 06bepMMIAM Be% OM VH9C, flpH-
'leM VYac=V'cyx+lyi (cxema 7,6, e6bem 111). )1InR c.Tiyqasi, Krama

KpHBan aeripeccPH pacnojio)Ke~a H14)e roPH3OHTa W-W (cxema
7, e), caelbyeT CqHTaTb, qTO o6'bem MEBM (o6'bem IV), pacnojio-
)KeHHbzii me)Kly rOPH3OHTa.,ihio W-W Ht XPH130A AzefpeccHH, 3anoAi-

HOCHTeJlbHO IieHTJpa 0 xBji5meTCsi BeJIHqfHiOH TPH~mabuoA.
flJb3ygCb fsbiweyKa3aHHbl 3Ha'IeiHImII o&'bemHoro Beca, no.1i-

CqHThIBaIOT BeJJH4HHY KO3cj4HuHieHTa 3aflaca. 3ToT crioco6 yzie~a
4lnJIbTpaUHOHHb[X CHJI, B OCHOBHO.M, HCIIOJlb3yeTCH fiPH ripoeKTHpoaa-
HHH 3emji5IHbix UJIoTimI.

4.2. Csioca6 y'meia i~maiapawouwx c~ei, mcnoathayenuAI npm pactiere
ycT@Iqmooctfl 3CmJnsu lrxoco nToC DOmeTOAY aacKNx iioaepxuocreA CASMur

flpH oripej~ejteHHH BeAliHHl 4@JIbTpaUtHOHHbIX CHA, 2IeACTBYIO-
ILuHx Ha orceK o6pywueHmm, orpaHHtleHHbI CHH3Y IIJIOCIUMH nonepx-
IIOCTSIMH CABlira, 14cfOJb3yeTCiI OKOHTyplbih CHOCo6 yqera 4)HJab'pa.
9IGHOIX CHMl) (cmb. ni. 3.2) 121.

Ha pHc. 8 npeulTaBaeH itCKOJ~bKO cxem orcexoB o6pyWenHHH,
flOAgep)KHtblX J~e$ACTBHlO (1IJI6TpauWHHUx cnji:

cxema a - YCTBHoBH-BIna NCR 4)IMbTpaUHSI, HiflnfiBACHH85 Hapy-
MY~ oToca;

cxema 6 - YCTaHOBHBL1IRCR 4ctflbTpattHs, Haflp3meHH31 BHYTpb

oTHoca;
Cema e--- HeyCTaHOBHBwaSIcN ()HJbTpaUFIR flPH pe3K0M cnrne-

imit ropH30HTa BoabI B 6be4)e OT YPOBH31 (I)-(]) AO YPOBHH

cxema a -nelyCTaHOBHBIUSRCR 4)HJbTp81UISI fpH pe3Iom CHH)Ke- I
iIHrH ~3OHTa BOWz nepeA aKpaHom OT YPOBHR (I)-(I) A~O YPOBI~f
(2)-(2).

4acmb orcexa a6pyweiiw, HaehbiIteHan BOAOfh, Ha3biBaeTCll
t4i1AboTpyiomxe 'lacTbMo.. 01LbTPiylOWR qaCrb orceKa o6pyweHsi
orpaHuqena c~epxy KPHBOA AenpeccHH H Hap)KHOAI 11oBepXmCTb1O
OTKOCO, CHH3Y noBepxHOCTbo CABiira (zAal CXeM~ 8, a, 6, a).an
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exemu 8i i).m~pouau tiaCm eepxy orpaHHtieHa AoMaHoAi .131-
iuieh d -c - b - a - 4, CHH3y d - 2-3-4.

CXIHTaem. wro Hanop ajim 1iH)tHeA rpaHHnuua a - 2-3-4 4m.'lb-
Tpyiotue qaCTII 0Tcexa o6pyweHHHi, iloKa3HHoro Ha pic. 8, a, 6, a,
paeflpeea5eTCi no JIHHeftHOMy 3aKOHy. flPH IVIOCKOCTH CpaBHem~im
00, flpoje2eHHOH HO ypoBH roPH30HTa BoiIxbi B 6be4pe, Hanop B
KP IIHHX To'iKaX a H 4 paeeH COOTBe1'CTemio (,ia exem 8, a, 6, e)

Ha JIH -H,,) Hi H4=0; npm~mai a-4" 6yJaeT HCKOMOAH fbe3O.meTPHf-
qecKo1 .HHiiefi. lanop B T0qKax 2 Hi 3 floBePXHOCTH claifra onpeite-
,aIieTCR OTpe3KamnHg uf H3. AAhR CXe.Mbl 8,Z nPii UJOCKOCTH cpasHe-
31MB 00 (Ha YPOB~e BO~UbI HHXKHero 6be4a) B TO'IKe 2 Hanop paBell-
112, B TO'lKe 3 Hanop pa~eH 0. IpiMafi 2-3" lB~ioeTCR nbe3o.meTpH-
'4CCKOR TlIHH~eA1 :tjiR yqaCTrKa 2-3 I1OBePXHOCTII CABHra. YtlaCTKII HO-
BePXHocTrH 1-2 H 3-4 xapaKrepiiayoTcii HyJIeBbiMH Hatiopamtt.

YCTaHOBHB Haflopbi Bo BceX TO4Kax IkH.3bTpyioImerO KOHTypa,
M04C11 HaRTH BeJIH'IHHY BepTHKHJ~bHoR H f'opH3OHTaAbHOHi COCTaB-
.aIBiou.eIA cH.lbi 0 cymmapnoro rm~xpaL'IH4eCKoro B331eACTBHR, at-
CTByiotuelk Ha Becb OTceK o~pyweHHRl.

BepTUKa.,Iba CoCTaeAqiou4am Or. C Temt, WftOi ripH pacqe~e yc-
TOfiqHBOCTH oTceKa o6pyweHHfl yIqeCTb BePI'HK8JIbHyJO CHA~y Or.
(BK.ioqaiouiyio B3BeIII ayio H 4)HJ~bTpaUIHOHHyJO CHnbz), Be G
ICB)Kaloro Ba&ceHeiiro 4)parmeHra Heofto2iHmo n0AJCqHTbiBaTb, HC-
XOaf 113 c~iesyioiUHX (HHorzta yCAoBtibix) 06bemHbix BeCOB rpyHTa:

a) AARs o6AaCT rpyHra, He HacbunaeHHoro a0210K, HIcxozisi H3 Be-
.'i~qHibi o6'beMnoro Beca 4tcyxorov rpyH~a - vcyx;

6) aa1B o6ijaCTH rpyiITa, pactIoao)etHofi HH)Ke Bibe3OmeTpHqe-
CKOR A'HHHH, IIOCTpoeHHOA 21k'15 H0BepXHOCTH cawnra (CM. nbe3oMeT-
pnqeC~oe JIHHHH a -4" Ha pHc. 8, a,6,a 8i 2-3 -Ha PHC. 8, a) 1,
IICXO.j. H13 aeaH'lHHbl o6be.MHoro aeca B3BellieHHoro rpyH~a - 38

B) aaoi o6aCrT rpyHna, pacno.io)KeHHoil me)K2Ly nbe3o.%feTpirqe-
CKHMH JIHHHFIMH, IIocTpoeHHbmH AAR5 Bepxmero y4aCTKa Hf HH)4cHero
y'4aCTKOB KOHTypa (j)HJIbTpyiouiefi 'aCTII orcea o6pyweHHa, HCXOJ.S
H13 BeJ1HqHHbi oO-beMHoro Beca HaeubIWiHoro rpyHT - ynac (xorJaa
nepas YUIOMOHYTa11 Ibe3oMeTpHl4eCKB5I JIIHHHR JAeMKHT Bblile BTOiOR
YII0MRqHYTOAH be30meTpHqecKoi JIMHHH), H HCXOJIR H3 o6-bemiforo
seca y 0anBVyx-yR, X0o218 lbe3omeTPHieCKam A'HH31R, arBeqaoM8as
H31)KHemy yllaCTKY KOHTypa, pacfI0ao)KeH ebille nlbe3OmeTp314ecKoA
JIHHHH, oTBeqaioIuei Bepxney y4aCTKY 4)lbTpyiLOuero XOHTypa.

Heo6xo1HimO YIIHTblBaTb TaXKe Co6CTBeHHbIH sec BoJ~hi B ofbeme,
3aKioqeH~o~m me)Ka1y roPH3OHTOM Bo.~ba H Rbe3o.%eTpHqecKolk .11333-
efi, flOCTpoeHHOi4 AAR15 IIJOCKOCTH C.IBnra (CM. pHC. 8, 6, fljiotulb
e-4"-c-e), npn6aBmnhs erG K secy COOTBeTcTBy1oUHlX 4)par.%eii-
TOB. Eca" i flbewO erpwiec~an AMHMiRn, OTme'.aiotuag nonepxHocrH
c:(BHra, J1C)IC3T sbiwe ropt13OHTa BOAMb B 6be)e, To yKa3aHHaR npH-

C.iyqaA, xorAa M a UiHHa JaemIc i4me ube3omeTpHitecKofl mmiiH, omcsio-
MAt~ Bepxsety y'iaCTY KoNtTYPB.
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rpy3Ka nOAOA noajyqaeT o'rpHuaTeAhHoe 3HaqeHe (cm. piic. 8, a,
flaoliL8Ao e-4" -c; piwc. 8, a, nqoOW8Ab c - 4" -d).

BeprufKaazbHyao COCTausuRoutyio 4H0bwpau~omiWx cHJ MOWHO Ha-
XOAHTh IIyTem nOCTpoeHHSI Sfliopb npOTHBOAaJiieHMA.

FgPUSOwraAbmaa cocTasARIou4aR Oh. Cnej~yeT CqHTaTb, 'iTo ropH-
3oHTaJ~hH89 COCTaausuo'uxas cHJIi rHAPaBJIH'iecxoro) so3AeACTDHSI
Oh pasiia ropH3OIITa~lbHOA COCTaBJ~isoI1eA CyMMapHOA (PR~bTpatH-
OHHoA CHANM. CHjia rnApoAHaMHaecKoro D3BeuIHBaHHx rpyu'ra B Bo-
ne flPHHHMseTCH BePTHKaJlbHOA, H flolomy OHa He BXOAHT B BeJII4'H-
Hy Oh.

rAe Owr - flAotgaAb 3ni~pbl, Ka2(Aa9 roPH3OHT~AbHgf OPAUlIat IKOTOPOl npeAclaB-
jisieT co6oh Pa3nocTb DUCOT AaBJeHNR, 1I3tmepefitbix 0 sAyx coTemcseHIIIX Ton-
Kax (cm. coOTeTCT~ytoutmN qniOpM Ha PIc 8).

1l0A COOTBeTCTBeHJ~b[MH TO'iKaMH IIOHHMaeM TO'4KH, JleKalume Ha
OAHOA H TOR lice roPH3OHTSJIH, anRmmoueftcs flPOAOameCHHem paccmaT-
pHBaemoA ropH3OHTa~lbHOft OPAIHBTbI 3nUOpbU H npinianAexcauXie
COOTheTCTBeHHo fleBofi H npasoAi iaC'H KOHTypa *)HJ~TpyioieH 'is-
CTH OTceKa o6pyweHwsi.

HantpaBneHue CHJIMl 'Ph mo)IeT 6blTb pa3JIHt[HbUM: Hapy)Ky OTKOCa
HAH BHYTph ero (B 3aBHCHMOCTH OT HaflpaBJHHSI o6umerO Te'ieHHs
4)nfjbTpalHoHHonD nOTOKa).

r ~5. Y1ET *HjlbTPAH.NOHHIX cHJI [PH PACUETAX YCTONBOCTH
3EMJIIHblX rMAPOTEXH ItECKHX COOPY)KEHHU

5.1. Yin opmahpaomu~fhx cEJI a FJIHCTUM S~9e
KaMeNQ~-3tMJIHMX IOTMN

flpa ~ccMOTpetHm 4bHJbTpIlkHH 'lepes r~RHcToe StAPO UJIOTHHU I
pa3JIH'1810T cAeAy1o~ueI SHAi C4)HjibTpagt~HHOr OT07Ka:

I- yCTaHOBHBIUIcR 4PHAbTpaHOHHblA JIoToK npm nOAHAlTOM
ypOBHe BOANt Bepxnero 65e4a;

2 - HeyCTaHOBHBI1HACSR 4)HAbTpaUHoHHMAk nOTOIC, liMemiomft me-
CTO B Rnpe B pe3yJ~bTlkTe ero KOHCDqHA8IuHH (rips OTCYTCTBHH BOAMt
B 6bee);

3- BeyC~aHoBHBWUHACSI 4*HnbTpagHOHuf KoToiK, Huawonk me-
CTO B RApe, xorAa iipoiteCCb KOHCOAHAaUHH etae He SSBepWHJIHCb, a
yponesb BOAhi n aepXsem 6be4)e noAHHT.

Ha pac. 9 IIpeACTSBJIeHbi JIHHHH paBHoro Haitopa B NApe (mnpo
npSmoyrOJ~bHoe) AAR I H 2 BHA8 4pHJbTpaijmoHHoroVIOTOKI.

XAnu 3-ro ciy'iax EjHnhTp8SUHH B 3&BHCHMOCTH 0T CIKOpOCTII KOH-

COJIASUjfH H cxeMM HgnOJIHeHHR BOAOXp8HHAHuLN MOxcHO flOJI~'lTb
PB3AH'1Hbe KaPTHHM (pH~qTpaaIZHHwHhIanopos B SApe. Ha psic. 10
npeACrasateau cxeMbi2 803IOXCHIAX JIRHKA pasHoro maliops, OTROCS-
LHecff K Pa3JJIHMbM MOMeHTaM spemesa nocite 3SflOAHeHHR BOAO-
xpaHHJIH Wa. 1

2 175*.
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Cxema 10, a OTHOCHTCH K MOMeHTY, KorAa rlilpAOAHaMlqecxoe
AaBaeHtte, o6ycjiosieHswe KoHconALHUek, seAHKO (no opaDHeH~fio
C lAajiae~m, o6ycjioDjieHnuim BepxHHm 6be4oM). Cxema 10, 6 OiTae-
LiaeT cnytialo, KOrAa AaBaeHHe KoH-.
COAHA8IKHH -MBJIO (Ho cpaBHeHHIO a)
C AaBJaeHHeM Bepxnero 6be~pa). Ha
cxeme 10,8 H306paxceH flpome)Ky
To4I~bi (o6widl) c~myqah.

IImeR ST0 B BIUAY, H3 BO3MO)K- 7
HhbIX KaPThH HJ)HbTpaUlii, MOgCHeH-
HhIX BblIe, AARE pacqeTa YCTOAqH-
BOCTH cJ~eAyeT Bb16Hpamb Te, KOTO-
phie 6YAYT JA8naTb BO3M0)KHO 66JAb-
Wiie H~flOpbI BHYTPH SIuiPa.

Bo3HHKatoinwe B npoiuecce
4)HJIbTpaUHH *PHJbTpaUHOHHbie CH- J
JIM HeJ6XOAHMO YqHTbUBaTb nlpt
pacqeTax YCTOflqHBOCTH HH3OBoro
KAIH8a HJOTHHLI.

Pacqer ycTroAqHBOCTH IIH30BOT0
KAHHa A fOTHHbl mo)KeT Bhlfloij- - -

HRTbCSI no meTOAy KpyFJJOUHJIHHfl-7
pHqeCKHX noBepXHOCTeA CjABnra HAHI
no meToziY HJIOCKIIX noBepXHOCTeft
CABHra f9J.

IlORCHHM oco6euHOCT pacqera
no meTOAY RJIOCKRX noBepxHO- d

PHC. 9 PuRC. 10
* -IIE panr anopa 5 sApe UPK YCTS 6-6--303Ku CIL**M NaeA3QI

NOASt.C NibPSUNH; 6-HMUE pan- Nancps aw p, upHeycmnogusynitcs
ace anopa a sip, p ONHRYCINHOeics *NAbTpaems (a npo'*tce iWAnoaeu~u. DOXo-

*NfAblpa~ttUR (a upos@ccet KONCOAUNNLH XJNAnala N KONCOAURN4I GAP@); I -AH-

ICABHl rpyHTa HPOHCXOAHT no JIOmaHOI flO~epXHOCTit AdB
(pHC. 11). 3ToT c~iy'aA xapazcrepH3yeTCR Tem. IMo yq8CToK flosepx-
HOCIN C~A~ra Ad AieXCHT BHYTPH stAPa;



2)CABHr rpyHTa
H KSMHI IIpOHCXOAHT
no H0BeJPXH0CTH CABH-

ra N~aB, rlpHqem no-
BepxHocTb Nfa JJe)KHT 0Z
BHe HIJpa. 0 x

AHaJAH3HpyR YC-
TOfiqHBOCTb COOTBeT- Eb It * *a
CTBYIOWIIX oTceKoB 0 -

rpyHTa (Add'A i-. FE:
d'dBd' B I-om cjiyae I
Hi Naa'N H a'aBd'a'- R
Bo 2 -om cal~ylie) mmbI mli
AOJI)IcHbl: I x~4

a) B 1-om cjiyqae
y'flThIBaTb I'HAPOJH-
HaMH'IeCKoe rAanjierie0

BOALI M 0 OIB0MW
npocTpaHC'rBe, JAeRCT-
Byiouaee no floBepXHO- 0 ,

CTH CABnra Ad;
6) Bo 2-om cqiyqae X a r

ytIHTbiBaTb rOPH30H- bc
TajibHoe AaBJaeHHe Bo- ma
ANi H-a flAPO, BhapazKa- c
emoe TpeyroJIhHHKoM
rHAPOCTTHe C KO o I
AaBJ~eHHSI, rnoCTpoeH- X
HUM AARIS rnIy6HHhI BO-
AW s 6be4)e H BePTH- ~ IT ~
K8J~bHoe npoTHBOAaB- -R- tI
JAeHHe, AeRCTmytotee
no noAomleeHApa ad w
(HaAAeHHOe B COOT- W.I
BeTCTBHH C HmeIOtRH-
MHCR JIHHHRMH paBHo-
rO Hiflopa; flPH 9TOM-
nec o61tema a'add"a' lo
HaAJIe)KHT BhlqHCJIXTL. I
HCXOAR H3 o6belwHoroI
Beca HacbIaeHHoroI,
rpyHTa).El

CABUT' orcexa D'DBd'D' t I
noji AeRfTcmeNg axrnanora
AamJeHum ipydra E. npuxoAnzueroc% ma nT'lWh VD, MW a AanHU caiyqae tie mo-
NIK PaCCMATPHaaTib (C Yqerou ASaaeHNa DOAhI a nopax). HHrePecyacb YCToAqAi-
DOC~bIO aTcCI9 D'Dfid'D', cJieAyeT paCCMaTPNBaTh cA3Nr era coamecTRlO C OTCeXON
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D'DMAD' no noinepxnOCTm MDB, Hues B niiAY npH 9TOM, W~O Asameme BoALi a
nOPax no qIH*i DD' 6yjxeT alyTpeHiieff c~jaoA, xoTopyto ImeJab3 YMHTM398Tb nIPH
paCqeTaX.

5.2. Y'Ier MibmapaittioHInhx cm.. Rpm pachleTx
xametgmo-3mmasmbix naoyHH c aupamom

IlH pactie~ax YCT0A~qHBOCTH Bepxoso~ro OTKoca flAOTHHi C pa
HOM fl0jJ1)KHT nPO~eP~e caytiaft 6blcTpOro CHHNKeHHR roPH30HTa BO-
~Abi B 6ie~e. flpH STOM caie~yeT flpoBepSlb B03MO)KHOCTb c~ABra HO0
ABYM nAIOCKOCTSIM:

I CAsmr 3alilHrHoro cjios no qxpaHy; 2- CBHr SKPaaa coB-
meCTHO C 3aLUHTHblM cjioeM 110 maTepHajiy Teiia nlAOTHHbI.

PaCqeTU flPOBO-
a 3KpaOi ARSTCHI coFJICHO meTO-

M-I - r - M7 B1) A~y JJIOCKHx( loaepX HO-

(51 2) a-1 creii CABHra [91.
To AD P(2) PacqeTHam cxema

AJIH Cjlyqas CKOJIbZCe-
flosepxwforfle- HHH 3KpaHa 110 MaTe-

c~eueOc ' p~aay Te.Ia IIJIOTHHbl
npH 6uICTpoM CHH)Ke-

Pmic. 12. HHH 1'OPH3OHTa BOAhl
B 6be4le InpeACTaBJae-

Ha na pHc. 8,z. 06 oco6eHHOCTSIX IIocT.poeHHA sniop aepTHKaJlbHoR H
roPH30HTajibH~fl COCTaBJaflou~ef cmt. B paa~tejne IV ii. 4.2.

Ilput pacaeTax flJIOTHH C aKpaHOM HY)KHO AoO~JIutTejibHo yqHTUl-
BaTb cJaeAytoumee OOCT'RoTenbcTBo.

H-peAR0o3oxCHM, qTo flPu ropH30HTe BOABI B 6be4)e Ha ypoBHe
(I)-(]) KpHBa5l AenipeccHHu 3a 9KpaH0m ipIHHNmaeT noJIo2EeHHe
(3)-(3) (putC. 12). []PH 6blCTpoM CHH24CeHHH ropH30Taot DOWM B
6be4e AO YP0BHR (2) - (2), .paonojuoxcernuoro Hm)e KPHB0A Aefipec-
CHH (3)-(3), BAOJqbh AHHHH ec 6yAeT HmeTb meCTo nocToRHHbdk Ha.
HlOP, OTBC'IaIOUAHA Haiiopy B TOq~e a; BAO~lb JIHHHH cd Haflop naAaeT
no0 .IHHeAHOMY 3aX0HY (cmi. IlbC3ome~pHqecKyjo .iiuttui c'd' Ha
putc. 12). TaKHM o6 pa30m, Aai3neHwe (npoTHBoAaBAeH~ue), Ae~kCTBYIO-
Luee Hta gKpaH, nlbipaxcaeTcg .9ruopofi e'e"d'c'. B c~nyqae AOCTaTorqHo
6OabwUHX OPAHHaT flojiyKeHHOA 3JIiopb 11pOTHBoAaBJeHH9 nlPOH30ft-
AeT BOIIJlbIBaHHe qKpaHa, [IpHqlem npoaep~a YCTOARHBOCTU a~paiia Ha
CABHNr no0 noBeXHOCTH aecd B 9THX YCJIOBHRX He utmeeT cmuCJIB.

5.3. Y'ieT #mawpaitmomma% cm.. np. pacwce yc?oA~stmoT ONoca,
ma rpemue KoToporo pacnenomecm Nanopinhi 6accel.

YCI'OfqHBOCTb OTK0Ca, Ha rpe6He KOTopoI'o pacnonoxceH Haflop-
aHwA 6acceAHu, onpe~eaxe~cg coriaCutO meT0AY KpyFjiouHqHHApH'le-
CKHx noBepXHOCTefI o6pyweHutn [9], iipu STOM KoS44HgHeHT 3anaca
paleK:l *3 Af Mm+rLco

r~e M,,,- OMOHT CHJI TpeflH (OliboouTejnbHo uenpa 0 n09*pXHoCrN cAamra);
r - paAinyc nomqpxaocra CABara; Le - jArnia& AyrH climra.

ICoramo cnocoGy Bocosowo AI3memN.
20



MomeHT CHJI TpeIHHR BbuqIIcJsieTCS no 4opmyae:

Mmn = r (Q + rcx r. 3.+ W') tg yd,
r~e Q - cymma acex BePTHKajihNux CNJI, AeAcrayIOI1knX ma HanopHbIA 6acceAif
(co6cmeHumit Bee coopy)ceHHR, ftPOTu~o~aaJemie; iJIR CXeubl PiiC. t3 6 IIpOTH-
DOAaBJieH~e paBHO ,.yao); rcx- Bec cyxoro rpyHTa, pacfloJIoN~eHtoro BMiwe
KpHBoA JAenpecoN (jutz cxeuu 13, a Fecx =0); ra- nec aanBeLueinoro rpyiHTa,
pacmoxeNmoro me2A~y GCPHUOR AapecCNNH (eCJIH oua eCTb) N KPHBOI o6pyueaa;

W- cuna nn'-allcam flOfypa va3HOCmIo AaDJeml* saOJ caepxy N cNN3y.

a)N

ra re 541
A A

B 4r

A-aopw Gacf r.-oy;3-pe.itnec

PC . -3 KoeH p~ac IRety yceollqa o ote~mBoca m, pe~ue KoMoAo -

3 CX cx HCY
crOM NOpNTa PanOe~ r Bo me ae xoo benp a m o (ieue orauxembo 13.y-

cyor rpy mmHT pa HCflOJIO 2I ~a pCnAceHHor H~eK~o epcu zu xen 13,6);

AenpeCCHH,
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3aweqeismbe onem&TuN

C-fpahsuua CTPO'ca llafeq,iralw CaCAytT qMTRTI.

6 nflptfCYHoqNan AlCnJPeCCk"f AenpecCHni
IIOJflHCb

K phiC. 1.

7 *)opmyja (2)

8 3-51 CTPOxa, sepTsiKaAbiiaX BepTH~caJbHas
csepxy CoCT30mfUFo In COCTaBJIgloulag

3aK. 331. PywCOBoACTo no y'ieTy *WIAbrpautIoMHmtx CoPU flp
pacqe~ax YCTOg'iHBOClrH OTMOCOB 3eMUIIhX coopyeeNtf.
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